To characterize longitudinal patterns of musculoskeletal pain in a community sample of older adults over a 6-year period and to identify factors associated with persistence of pain. DESIGN: Secondary analysis of the Cardiovascular Health Study. SETTING: Community-based cohort drawn from four U.S. counties. PARTICIPANTS: Five thousand ninety-three men and women aged 65 and older. MEASUREMENTS: Over a 6-year period, pain was assessed each year using a single question about the presence of pain in any bones or joints during the last year. If affirmative, participants were queried about pain in seven locations (hands, shoulders, neck, back, hips, knees, feet). Participants were categorized according to the percentage of time that pain was present and according to the intermittent or chronic pattern of pain. Factors associated with persistent pain during five remaining years of the study were identified. RESULTS: Over 6 years, 32% of participants reported pain for three or more consecutive years, and 32% reported pain intermittently. Of those who reported pain the first year, 54% were pain free at least once during the follow-up period. Most of the pain at specific body locations was intermittent. Factors associated with remission of pain over 5 years included older age, male sex, better self-rated health, not being obese, taking fewer medications, and having fewer depressive symptoms. Approximately half of those with pain reported fewer pain locations the following year. CONCLUSION: Musculoskeletal pain in older adults, despite high prevalence, is often intermittent. The findings refute the notion that pain is an inevitable, unremitting, or progressive consequence of aging.
T he high prevalence of bone and joint pain in older adults 1, 2 has contributed to the assumption that it may be an unfortunate dividend of growing older. 3 Many older adults identify joint pain as a normal part of life, 4 with such statements as, "That's how you know you're alive… you ache." 5 Providers may be complicit, suggesting that people get used to joint pain because "it's only going to get worse." 6 The expectation that aging adults accumulate "wear and tear" mechanical injury, with no potential for effective remedy except joint replacement, reinforces the expectation that, as people age, they will experience pain.
In a recent study of 502 British adults aged 50 and older with musculoskeletal pain, 82% believed that receiving information about the prognosis of their pain was important, but only 33% reported discussing prognosis with their general practitioner. 7 These individuals reported that a prognosis could help them to plan for future activity and to know for the sake of knowing. They felt discouraged from seeking prognostic information because they believed that progression of pain was inevitable, that pain could not be accurately predicted, and that nothing could be done to help them.
Previous research has not characterized the longitudinal course or predictors of persistent musculoskeletal pain in older adults well. Early studies focused more on radiographic findings than pain. 8 Community-based studies have mainly measured the prevalence of musculoskeletal pain at a single time point or using a single follow-up, rather than its longitudinal course. [9] [10] [11] [12] [13] Studies that monitor outcomes over time have generally recruited participants from clinical rather than community settings, generating conflicting results about the effects of age and other factors on prognosis.
14, 15 The current study was designed to characterize the frequency, longitudinal course, and predictors of persistence of musculoskeletal pain in a community cohort of older adults.
METHODS

Participants
The Cardiovascular Health Study (CHS) is an ongoing observational study of ambulatory, community-dwelling older adults. Participants were recruited from Medicare enrollment lists in four U.S. communities. Potential participants were excluded if they resided in an institution, were not ambulatory, could not be interviewed, were receiving hospice care or radiation or chemotherapy for cancer, or were not expected to live in the area for 3 years. Further details of the design and sampling methods have been published previously. 16 Between 1989 and 1990, 5,201 participants were enrolled. In 1992 and 1993, in an effort to increase representation of ethnic minorities, an additional 687 African-American participants were recruited.
Each year until 1999/2000, participants received inperson annual examinations and were administered measures of health, physical and mental health symptoms, diagnoses, physiological parameters, functioning, and social support. Questions on bone and joint pain were completed in the baseline, third, and fifth through tenth years of the study for all participants, with the AfricanAmerican cohort entering in the fifth year. To include all of the participants and to analyze sequential measurements of pain, 1994/95 was considered as the index or baseline year, and the yearly measurements from the next 5 years were analyzed. The numerical label for each year thus represents the number of years from the index year (e.g., 1997/98 is year 4).
The institutional review board (IRB) at each site approved the original study. The IRB at the University of Washington approved secondary data analyses.
Measurements
Pain
Musculoskeletal pain was assessed using a single yes/no question: "Have you had pain in your bones or joints in the last year?" If participants answered yes, then interviewers asked whether they had had pain in seven different body locations: hands, shoulders, neck, back, hips, knees, and feet.
Sociodemographic Covariates
Data about age, sex, race (dichotomized as white vs nonwhite), marital status (dichotomized as married or partnered vs single), and education (categorized as high school or less, high school graduate, some college, and college graduate) were collected.
Other Covariates
Based on previously demonstrated associations with health status, functioning, and pain, [17] [18] [19] and preliminary analyses of covariates, four covariates were selected. Self-rated health was assessed by asking participants, "Would you consider your health in general to be excellent, very good, good, fair, or poor?" For categorical analyses, these were dichotomized as excellent, very good, or good vs fair or poor. 20 Body mass index (BMI) was computed using measured height and weight and categorized as underweight (<18.5 kg/m . Depression was measured using the 10-item Center for Epidemiological Studies Depression Scale (CES-D). 21 Each item was rated between 0 (none of the time or rarely) and 3 (most of the time), and they were summed, yielding a maximum score of 30. Participants were categorized as having no or few depressive symptoms (score < 5), some depressive symptoms (score 5-10), and significant depressive symptoms (score > 10). Number of prescribed medications was determined by asking participants to bring all of their medications to the study appointment and cataloguing them. These were categorized as none, one or two, three to five, and six or more medications, as in other CHS studies. 22 Analgesic medications were not categorized separately. To characterize the sample, participants with and without pain we compared using different categories of cognitive status (according to Mini-Mental State Examination score) and self-report of medication to treat arthritis (from the question, "Do you have arthritis treated with medication?").
Analysis
The goals of this analysis were to characterize how often pain occurred in CHS participants and the factors it was associated with at baseline; to categorize participants according to the amount of time they reported pain and whether the pain was chronic or intermittent; to identify factors associated with persistent report of pain over 5 years of follow-up; to examine how often participants reported more, the same number, or fewer locations of pain during 1-year intervals; and to estimate the association of number of pain locations with persistent report of any pain.
Descriptive Statistics
The percentages of participants who did and did not report pain in the index year were compared, grouped according to the covariates, using a t-test or chi square test, and the percentage of participants who reported pain at each of the seven body locations was computed.
Categories of Pain Persistence
For any pain and the seven body locations, participants were categorized according to the number of observations in which they reported pain, between none of the time and all the time. Years with missing pain scores were not included in the denominator, and the results represent the percentage of all the observations during which pain was reported. Variables were created to identify participants with chronic and intermittent pain. Chronic pain was defined as report of pain during three or more observations in a row; missing years were not counted, so the observations of pain could be 2 or more years apart with missing values in between. Intermittent pain was defined as 2 or more total years in which pain was reported, with at least 1 year in which pain was not reported, and not for 3 years in a row. Participants with fewer than three observations were not counted for estimating the percentages.
Factors Associated with Persistent Report of Pain
Discrete time Cox proportional hazards models estimated the probability of participants continuing to report any pain over the 6 years of observation. For those with pain in the index year, time to remission was calculated as the first observation at which the participant denied having any pain, regardless of specific locations. Censoring occurred at the time of the last visit or death. Three separate Cox proportional hazards models were constructed. The first used only the sociodemographic variables, the second used these variables plus each of the other health factors entered individually, and the third used all the variables combined. Time-varying covariates were used for self-rated health, depression score, and number of medications. 23 For any significant predictors, the proportional hazards assumption was tested by visual inspection of stratified survival curves.
Effect of Number of Pain Locations
The primary outcome was persistence or remission of pain, which does not account for the number of pain locations. In other research, number of pain sites has been strongly associated with pain interference and sequelae. 24, 25 Number of pain sites was thus examined separately. The probability of complete remission of all pain at 1 year and the likelihood of persistent pain during the follow-up period were estimated for each different number of bodily pain locations (between 1 and 7). The probability of a reduction in number of pain sites at 1 year was also computed. A logistic generalized estimating equation model, controlling for sociodemographic factors, estimated the association between number of pain sites and likelihood of reporting no years without pain.
Analyses were conducted using PASW Statistics version 18.0 (IBM Software, New York, NY) for the descriptive and survival analyses and Stata version 11.0 (Statacorp, College Station, TX) for analyses of pain sites.
RESULTS
Of the 5,093 participants alive in the index year, 4,974 had a pain score recorded that year. In the index year, 11% of the participants were aged 70-74, 46% were 75-79, 26% were 80-84, 13% were 85-89, and 4% were 90 and older. During the 5 years of follow-up, 978 participants died. Approximately 3% of the participants did not have a pain measure recorded at each year; 1.4% of participants who had a pain measure recorded in the index year and remained alive had no additional pain measures, and 4.1% had no follow-up because they had died. There was no difference in missingness based on initial pain status. The annual probability of death, grouped according to any pain or specific pain location, was between 4% and 5%; using the chi-square test, there was no statistically significant difference in the annual probability of death depending on the presence or absence of pain.
Prevalence of Pain
In the index year, 42% of participants reported musculoskeletal pain. Table 1 compares groups with and without pain. There was no difference in the mean age of those with and without pain. Participants who reported pain were more likely to have less than a college education, to take three or more medications, to be obese, to report fair or poor self-rated health, and to have some or significant depressive symptoms than those without pain. Table 2 shows the prevalence of pain in the index year and the percentage of time in which participants reported pain during 6 years of follow-up. Twenty one percent of participants never reported any pain, 17% reported pain at all observations, 32% reported pain chronically (during 3 sequential years), and 32% reported pain intermittently (more than once but not 3 years in a row). There was little difference between the different pain locations, except that pain in the neck and feet were less common than the others. Chronic pain at the individual locations was less common than chronic pain involving any site, with no more than 10% of participants describing chronic pain in any particular location. The majority of pain at specific body locations was intermittent.
Longitudinal Patterns of Pain
Factors Associated with Time to First Remission
During the 5-year follow-up period, 54% of those who had pain in the index year were observed to have at least 1 year without pain. Using a survival model with redistri-bution from censoring, 48% of those with pain in the index year were estimated to report no pain at least once during the 5 years of follow-up. Table 3 shows the results of a Cox proportional hazards models adjusted and unadjusted. Older age and male sex were associated with statistically significantly greater likelihood of pain resolving at any subsequent year. Worse self-rated health and obesity (but not overweight) were strongly associated with longer time to remission. Significant depressive symptoms and more medications were also associated with less likelihood of pain resolving. Stratified survival plots for these factors indicated that the hazards remained similar throughout follow-up and that the proportional hazards assumption was not violated. a Pain reported two or more times, but not 3 years in a row, as a percentage of participants with three or more observations. b Pain reported at three or more observations in a row as a percentage of participants with three or more observations.
Pain Sites
The prevalence of pain according to site in the index year is reported in Table 2 . The median number of pain sites per participant in the index year was 3. Women reported significantly more pain sites than men (mean 3.2 vs 2.6, P < .001). Table 4 shows the prevalence of the different numbers of pain sites, the likelihood of remission of pain over 1-year intervals, the likelihood of a reduction in the number of pain sites over 1-year intervals, and the likelihood of any additional year without any pain. Those with pain at more locations were less likely to report no pain in the following year and less likely to have at least 1 year without pain, but they were equally likely to have a reduction in the number of pain locations. Roughly half of participants in all groups based on number of pain sites reported fewer pain sites the following year, including those who reported pain at all seven sites. Women were significantly less likely than men to show a reduction in pain sites at the following year (odds ratio = 0.86, 95% confidence interval (CI) = 0.78-0.96, P = .005). A generalized estimating equation model controlling for age, sex, race, and marital status showed that each additional pain site in the index year was associated with an OR of 1.39 (95% CI = 1.32-1.46) for a persistent report of pain throughout the follow-up period.
DISCUSSION
In this large community sample of older adults tracked for 6 years, approximately one in five participants never reported musculoskeletal pain, approximately one in six reported pain every year, approximately one-third had chronic pain, and approximately one-third had intermittent pain. Approximately half of those who initially reported pain reported not having pain at least once during the five subsequent observations. The majority of pain at specific body locations was intermittent, and little of it was chronic. No particular location of pain was highly prevalent or highly likely to persist. These findings suggest that pain is a more-dynamic symptom in communitydwelling older adults than may be commonly thought. They challenge the conception of musculoskeletal pain as a fixed, chronic symptom during aging and the assumption that, once present, pain remains stable or worsens.
These results may have several clinical implications. First, prognosis is important for patients, 7 and instead of promoting the idea that they should "get used to it because it's just going to get worse," as one woman described her doctor's advice, 6 clinicians might offer a more evidence-based perspective on the future course of pain and emphasize its dynamic nature. Second, identifying and addressing modifiable risk factors might increase the likelihood of remission. Treating depression may improve pain symptoms. 26, 27 Obesity can be addressed and may have a direct mechanical relationship with pain. Self-rated health may be difficult to influence, but its association with pain suggests the broad potential benefits of health promotion. Third, clinicians might collaborate with patients to project the anticipated duration of analgesic therapy and to agree on how to evaluate response. Especially given the risks associated with chronic opioid therapy, 28 it seems important for clinicians not to assume that musculoskeletal pain in older adults, being the result of progressive wear and tear, is intractable and demands perpetual treatment. This research offers additional perspective on the association between pain and aging. The finding of a small, positive association between older age and likelihood of remission (Tables 1 and 3 ) argues that pain is not a normal part of the aging process. This association persisted after controlling for other sociodemographic and healthrelated factors, suggesting that it is not a result of health status or other covariates. Although these results contradict some assumptions about pain in aging, they are overall consistent with previous studies, which show no increase in reports of pain with age. 13, [29] [30] [31] A meta-analysis of differences in pain perception with advancing age found that the highest prevalence of chronic pain occurred at approximately age 65, after which there was a slight decline with advancing age, even past age 85. 29 In a British cohort, individuals who were retired were less likely to develop chronic pain. 13 Other research regarding pain during the last 2 years of life found that, although arthritis pain was common, the prevalence of pain was inversely correlated with advancing age. 32, 33 Some longitudinal studies have reported a slow and steady progression of musculoskeletal pain with age. 34, 35 Several factors probably influenced the current study's contrasting results. First, the CHS sample consisted of community-dwelling older adults and not people who presented to specialty clinics with symptoms, who may have more-severe pain or pathology. 36 Second, this research concentrated on self-report of pain rather than diagnosis of osteoarthritis or other underlying pathology. There is a variable association between bone and joint pain and radiographic evidence or clinician diagnosis, 37, 38 and prior studies have mainly used radiographic measures to evaluate longitudinal course. 39 Third, the repeat measures on the same individuals in this study identified dynamic changes over time rather than population-level effects.
The definition of pain used in these analyses, based on a question about any pain in the bones and joints, followed by questions about seven specific body locations, is important in interpreting the results. It may mask differences in the intensity, cause, or consequences of pain. Other research has defined pain based on number of pain locations, analyzed as a count 12 or categorized as no pain, a single site, or widespread pain. 40 The current analysis indicates, like these other studies, that single-location pain may be different from pain at multiple sites; at the same time, it showed a high likelihood of remission even in participants with pain at many sites (Table 4) . It is also important to differentiate report of any pain from the interference that pain causes, and there is evidence from large community samples that pain interference may increase consistently with age even as incidence of pain does not change. 41 That work was not longitudinal and may not have captured dynamic changes in pain interference. Different measures of pain have different meanings and relevance, and additional research can help ascertain how pain, pain interference, and the reporting of pain change over time.
This analysis was not able to ascertain whether participants' pain remitted spontaneously; they may have had medical, surgical, or behavioral interventions between measurements. Many treatment modalities, including nonpharmacological approaches such as exercise, have evidence-based benefits for bone and joint pain. [42] [43] [44] Analgesic medications were not included in the models because this analysis focused on course over time rather than treatment response. Adequately accounting for medications requires detailed separate analyses (e.g., accounting for pain and medication across two time points creates four categories instead of two), and many analgesic medications, especially opiates, are taken for short periods of time 45 and are difficult to map into pain measures. Future research is warranted to clarify what factors are associated with more and less remission and how various interventions, in particular analgesics, influence persistence of musculoskeletal pain.
The higher prevalence of musculoskeletal pain and the lower likelihood of pain resolution in women than men in this sample mirrors similar results of other studies. 46, 47 Despite statistically significant results, the absolute differences between women and men were not dramatic and were less than the differences in the other variables such as depression, obesity, medications, and self-rated health. There may be sex-mediated social or psychological factors related to the experience and report of pain that were not measured in the present study, and additional research is warranted to understand how women and men show different patterns of pain across time and how they respond to treatments.
Limitations
This study has several limitations. First, the CHS questions about pain in any bone or joint asked for a yes/no response and did not assess degree of or the interference caused by pain, as measured in instruments such as the Medical Outcomes Study 36-item Short-Form Survey. 48 Psychometric analyses have not characterized this single question well. An affirmative answer was assumed to be a marker for a clinically significant symptom, and a negative answer was taken as evidence that the participant was not experiencing distress from pain. The analyses examining number of pain locations offered an indirect proxy for severity, based on previous research about pain locations. 12 Some important types of pain may have been omitted, especially headache, which was not measured in the CHS cohort. Second, pain was assessed every year, and pain status may have fluctuated more frequently. Pain may be even more dynamic than this analysis found. Third, there were no objective measures of joint pathology to compare with reports of pain. Fourth, treatments for pain were not included, for instance, if participants with hip or knee pain had undergone joint replacement between study years or if they were taking analgesic medications. Although this may have happened in some cases, the facts that all the body locations were similar, whether or not surgical treatments exist for them, that those who took medications were more like to report pain ( Table 1) , and that greater medication use was associated with less likelihood of remission of pain, indicate that treatments did not primarily or uniformly determine the changes in pain status. Fifth, there were some missing pain data; 3% of pain measures were missing in the index year, and during the remaining years, 2.9% of those who did not report pain and 3.1% of those who reported pain had missing pain data at the following year. There was no clear difference in missingness or death based on pain status. Sixth, the adjusted models deliberately did not include comorbidities, which may have led to confounding due to health status. Comorbidities were not included for several reasons. Pathophysiological correlations between bone and joint pain and other chronic medical conditions seemed unlikely. Preliminary analyses confirmed a lack of association; a model that included nine specific comorbidities found that none of these variables, nor an aggregate score from them, was significantly associated with persistent report of pain. Seventh, number of medications and self-rated health are strongly collinear with comorbidities, and these probably adequately adjusted for health status. 49 Finally, individuals with cognitive impairments may not be able to report historical pain reliably. This was unlikely to influence the main findings, because the rate of cognitive impairment was low in this sample, self-report characterizes current pain even in the setting of cognitive impairment, and the differences between rates of self-reported and observed pain are generally not large even in individuals with dementia. 50 
CONCLUSIONS
Patients and clinicians might assume that musculoskeletal pain is a natural part of getting older, that it involves irreversible mechanical injury, that they cannot treat it safely, or that they should anticipate it worsening. The findings in this research challenge such assumptions and indicate instead that musculoskeletal pain is not associated with advancing age, is frequently intermittent, and often remits. These results encourage guarded optimism about the prognosis of musculoskeletal pain in older adults. Addressing risk factors associated with pain such as depression, obesity, and overall poor health may also yield benefits, although the causal relationships remain unclear.
